Much effort has been directed towards developing suitable experimental models in the investigation of etiology, therapy, and genetics of diabetes mellitus. Genetically diabetic animals KK mice have attracted attention since the first studies on them were reported by Nakamura (1962) . Nishimura (1969) transferred the yellow obese gene (Ay) into KK mice to breed mice strain "KK-CAY" for severe diabetic syndrome. Iwatsuka et al.(1970) and Shino and Iwatsuka (1970) have already reported the general features and the morphological observations on "Yellow KK mice".
The purpose of the present study is to confirm the physiological and pathological features of KK-CAy mice and their metabolic abnormalities in order to obtain a possible model of diabetes mellitus as a feasible tool for a pharmacological assay.
Materials and Methods

Animals
All the mice used in the present study were derived from the mice colony in our laboratory.
KKCAy mice were bred by mating female KK mice (aa, BB, cc) with male KK-CAy mice (Aya, BB, CC) which were obtained from Biological Research Laboratory of Takeda Chemical Industries, as shown in Fig.1 . Fig.2shows the breeding schedules of KK-CAY mice. Offsprings of the breeders were classified into four genotype groups and three pheno type groups (Fig.2-A) .
KK-CAy mice were efficiently obtained in the ratio of one-half by the schedules shown in Fig.2-B .
The littermate KK-C mice (aa, BB, Cc) were used as controls in the present study (Fig.2-C 
Results
Correlation between body weight and growth or blood glucose level in KK-CAY mice Body weights of most KK-CAY mice increased more rapidly than those of the control mice (KK-C) and were over 40g in advancing age (Fig.3) . Fig.4 shows the correlation between body weight and blood glucose level. Blood glucose level in the male KK-CAY mice increased after their body weight reached about30g at 10weeks of age, and the severe hyperglycemia (over300mg/100ml) was often observed. No such an evidence, however, was seen in female KK-CAY mice with body weight below50g.
The mild hyperglycemia was partly shown in the female mice with body weight over50g.
Nonfasted blood glucose level and glucose tolerance in KK-CAY mice
Instabilty of blood glucose levels in the KK-CAY mice was observed under the nonfasting condition. Fig.5 shows frequency distribution of nonfasted blood glucose level in the male KK-CAY mice and their control littermates at8to30weeks of age. Nonfasted control mice showed the normal distribution with one peak at about150mg/ 100ml. Nonfasted KK-CAY mice showed an irregular pattern of distribution at higher range of concentration.
In addition to that their distribution curve extended over a wider range than that of controls, it had two peaks distinguished clearly. The first peak was at about180mg/100ml, and the second peak at around400-500mg/100ml. A glucose tolerance curve in the male KK-CAY mice was more markedly increased than that in control mice (Fig.6) .
In mild hyperglycemic KK-CAY mice (below200 mg/100ml) the blood glucose level in2 hr after the injection of glucose remained more high than that before the injection. In severe hyperglycemics (over300mg/100 ml), this phenomenon was shown more evidently. hyperglycemia was observed in the male KK-CAY mice only, hyperinsulinemia in both KK-CAY mice. Plasma glucagon levels also were significantly elevated in the KK-CAY mice compared with the control mice. Elevation was more marked in the male mice than the female mice.
Dose-dependent insulin-induced falling of blood glucose level in male KK-CAY mice The effect of insulin the on blood glucose level was assayed quantitatively in nonfasted KK-CAY mice. Fig.10-a shows the dose-dependent effect of insulin, representing falling percentage of the blood glucose level based on the value which was the mean of the nonfasted blood glucose level in control KK-C mice, 150mg/100ml. Fig.  10-b shows the dose-response curves for the percentage of blood glucose levels induced by insulin. One curve plotted by values of the maximal effect of each dose of insulin was little distinguishable from the other one plotted by the values of the effect1hr after application of insulin.
Microscopic findings on pancreatic islets
On the pancreas of the KK-CAY mice, morphological abnormalities were observed remarkably with the advance of age. Insular degranulation of B-cell was observed initially in a6-week-old KK-CAY mouse (Fig.  11-b) . Insular hypertrophy also appeared in the pancreas of a6-week-old KK-CAY mouse and developed markedly in advancing age. In their control littermates, little changes were observed (Fig.11-a) . The changes mentioned above are summarized as the islet size in Table2.
In the female KK-CAY mice, insular hypertrophy was observed without insular degranulation (Fig.  12) . Furthermore, hepatocyte fatty degeneration, glomerular abnormalities, and proliferation of pituitary acidophil cell were also observed in the male KK-CAY mice at17weeks of age. In their control littermates of the same age, these incidences were not or less observed. All microscopic findings were summarized in Table3. It is generally agreed that a tendency to the development of human diabetes may be inherited with the complex genetic factors (Renold and Burr, 1970) . As to the genetics of the KK mouse, Kondo et al. (1957) and Iwatsuka and Shino (1970) suggested that the inheritance is polygenic. The problem of genetic factors in the present study could be successfully avoided, because we used as a control the KK-C mice whose genetic factors were differed from those of KK-CAY mice in only one gene (AY).
In KK-CAY mice the increase in blood glucose level was correlated with the increase in body weight, shown only in males. The female KK-CAY mice showed considerably high degree of obesity, not severe hyperglycemia, indicating to be feasible to use as an obese model. In both sex mice the blood FFA levels increased more significantly than those in alloxaninduced diabetic mice. The increase in plasma triglyceride levels was also observed so that the abnormalities of fat metabolism might associate suggestively with the development of diabetes in this model. This suggestion is also supported by the report of Iwatsuka et al.(1970) , that lipogenesis by liver and adipose tissue was increased in the "yellow KK" mice.
Hyperinsulinemia was often associated with obesity in humans (Ditschuneit, 1971) and animals (Stauffacher et al., 1971) . Bagdade et al.(1967) reported that in human obese subjects, but not diabetes, obesity was associated with an elevation of the basal insulin level and of the magnitude of the insulin response to glucose in oral glucose tolerance test whereas the response in diabetes, even in obese diabetics, was markedly reduced. Furthermore, the ratio of plasma insulin level to blood suger level (AIRI/4BS) was increasd in obesity, but not in diabetes with obesity (Kosaka et al., 1977) . The absolute concentration of plasma insulin does not always decrease in human diabetics. This point obviously differs from the alloxan-induced diabetic model. In the present study, the insulinogenic ratio of the control KK-C mice was not great any more than that of male KK-CAY mice. Although KK-CAY mice were hyper insulinemic compared with the control KK-C mice, they appeared to be deficient in insulin compared with female KK-CAY mice ( Table  1 ). The essential abnormalities of KK-CAY mice seemed to be based on the relative decrease of plasma IRI level and to be distinguished from the obese factors (Fig.  9 ). This conclusion was supported by the histological evidence of the abnormalities of pancreatic islets (Fig.11and12) .
These results indicate that the diagnosis of hyperinsulinemia may be misjudged by the selection of the control.
Recently, Unger et al.(1975) proposed that in addition to lack of insulin the presence of the insulin-opposing hormone glucagon is involved in the development of severe diabetic hyperglycemia.
This evidence was also shown in spontaneous diabetic animals, for example, the obese hyperglycemic mice (ob/ob) (Mahler et al., 1976) . These suggestions were supported by our results (Table1).
The significance of the hyperglucagonemia in this model must be further elucidated, compared with that of the hyperinsulinemia.
In addition to that the diabetic features of the KK-CAY mice seem to be similar to those of the diabetic patients, the dosedependent response to insulin on blood glucose level, either the effect1hr after application or the maximal effect, was recognized in the case of nonfasting. This indicates the possibility of using the KK-CAY mice as a feasible tool for a pharmacological assay of some antidiabetic drugs.
